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THE POSTGLACIAL HISTORY OF VEGETATION 
IN NORTHWESTERN WISCONSIN 


L. R. Witson 


INTRODUCTION 


THE Quaternary history of vegetation in the United States has been 
studied from many angles and the general features are agreed upon by 
botanists. These investigations have been, in the past, confined 
largely to macroscopic studies of fossil plants and to a study of the 
present distribution of floral elements. Within the last decade, at- 
tention has been drawn to the value of microscopic examination of 
peat deposits as an aid to the unravelling of the many problems of 
Pleistocene and post-Pleistocene plant distribution. These studies 
have been widely made in Europe and also to a lesser degree in 
America. The results in Europe have been definite enough to con- 
vince the ecologist that this method is one of value in determining the 
succession of plants in a region. 

The present study was begun in the summer of 1929, in Douglas 
County in the northwest corner of Wisconsin. This county was 
chosen for the following reasons: (1) It has a post-glacial history that 
can be divided into definite periods, during which plants could have 
lived. These periods were associated with the controversial northern 
end of Glacial Lake Grantsburg, glacial lakes Duluth, Algonquin, 
and the Nipissing Great Lakes. (2) These lakes, except for the Nip- 
issing Great Lakes, covered more of Douglas County than does the 
present Lake Superior and it has been possible to secure peat materials 
associated with each of these lakes. (38) There is considerable geologi- 
cal and botanical literature at hand dealing with the basic problems 
of geology and botany in Douglas County. 
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During the investigation an attempt was made to trace or determine 
in Douglas, County (1) the vegetational succession from the earliest 
post-glacial time to the present, (2) the date of appearance of certain 
plant species by a comparison of peat deposits associated with the 
various lakes, and (3) to compare the fossil spectra and the present 
ecological succession on the various soils of Douglas County. 

Mernops: The methods used in this study were essentially the 
same as used by others engaged in like investigations. The collection 
of materials for study was accomplished by the use of a Davis Peat 
Sampler, a Hiller Peat Sampler, or by digging and carefully cutting 
samples of peat out of the walls of the test pits. The three methods of 
securing peat, when checked against one another, gave the same re- 
sults. The first method was found to be the most rapid and the last 
the most reliable. 

The bogs or peat deposits chosen for study were usually less than 
one acre in area. The reason for this choice becomes significant when 
one examines the conditions where peat is now accumulating in water. 
Bog lakes at the present time that are larger than one or two acres in 
area often present complicated problems of sedimentation, which are 
likely to confuse and destroy the regular deposition of the finely di- 
vided sediments. These conditions are minimized by working smaller 
peat deposits and the results have been found to be very satisfactory. 
It is also usually possible to dig into the smaller deposits and to ex- 
amine in greater detail the materials of the lowest horizons. 

Peat samples were secured from two, three, or four borings or test 
pits in the deepest part of each bog. Samples of peat were taken at 
various depths and the intervals were determined largely by the depth 
of the deposit. The lowest samples were taken about one inch below 
the contact of peat and the mineral soil. These usually did not con- 
tain fossils. Samples were always taken at the contact of the peat and 
mineral soil, and contained fossils. Other samples were collected at 
intervals varying in distance from one-half inch up to ten inches 
apart. The highest sample was taken from the surface of the bog. 
In this country it has not been the general practice of investigators to 
examine peat from the surface of the bog. This is unfortunate, for 
the one possible means of comparing the living flora and the relative 
abundance of pollen on the bog’s surface with the fossils throughout 
the profile is neglected. Draper (’29) states, “It should be noted that 
counts from the upper level of any bog are of questionable value be- 
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cause of the chance of oxidation by drainage or by burning.” The 
present study has shown that the upper levels in a bog are reliable 
indicators of the flora under normal conditions. 

The peat specimens were preserved in vials containing a solution of 
30% alcohol. This method of storing the peat was found to be more 
satisfactory than drying. Peat preserved in alcohol is easily studied 
and the microfossils appear to suffer less destruction in their subse- 
quent preparation than when the peat has been previously dried. 

The following schedule was used in preparing the samples for 
microscopic examination. Approximately 16.4 ce (one cubic inch) 
of moist peat was thoroughly broken up in 500 ce of distilled water 
and boiled for three minutes. The mixture was allowed to cool and 
10 cc. of normal solution of sodium hydroxide was added to it and then 
thoroughly stirred. When the peat was of a fibrous or gritty nature 
it was passed through a one millimeter mesh screen and the residue 
washed several times with the filtrate. At this point enough saffrin 
stain was added to slightly color the fossils. This was determined by 
test slides. The filtrate was then centrifuged and the collected 
material transferred to 40 ce of glycerine jelly and dehydrated in a 
desiccator. Next the mixture was melted by placing the container in 
hot water. The sample was again thoroughly stirred, and with a glass 
rod, enough solution was placed on each of five labelled microscopic 
slides to float a number one cover glass. Each slide, as it received its 
cover glass, was quickly turned over and placed horizontally in a rack 
to cool. 

¢xamination of the slides was done under a microscope using a 10 X 
ocular and a 16 mm. objective. The slide was controlled with a 
mechanical stage and artificial light was used entirely for illumination. 
Two hundred fossils were counted for each horizon. Usually fifty 
fossils from each of four slides were counted and added to the total 
to bring the count up to two hundred. 

The most satisfactory method of recording the species and abund- 
ance of microfossils was found to be with a typewriter. ‘This was set 
up at the side of the microscope and adjusted to record only fifty 
letters or figures in a row. A convenient code was established with 
certain letters or figures representing certain fossils. With this 
method of recording the slides of one level can be listed and totaled 
all on one page and can constitute a permanent record for the files. 
Ordinarily, much eye strain is encountered while making records in 
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writing, but that is reduced to a minimum with the use of a recorder 
such as a typewriter. . 

Unknown fossils have been drawn with the camera lucida and pre- 
served for reference and study. Their positions on the slides have 
been encircled with a china-marking pencil to facilitate easy reference. 

In the identification of the microfossils constant reference was 
made to pollens, spores, and trichomes of recently collected plants 
whose parts had been treated with sodium hydroxide and stained in a 
manner similar to the peat fossils. Measurements were made with an 
ocular measuring disk. 

In the tables showing percentages of microfossils in 10 bogs of 
Douglas County, Wisconsin, the depths in inches are given in italics 
at the tops of the columns. 


GEOLOGY 


Douglas County comprises approximately 1500 square miles in the 
northwestern corner of Wisconsin. It lies at the west end of Lake 
Superior and part of the county is within the lowland adjoining the 
lake. The topography is of two distinct kinds and upon this basis 
the county is divided into two geographical provinces, the Lake 
Superior Lowland, and the Lake Superior Upland. The division of 
these is given by Martin (p. 431, ’32) as the highest abandoned beach 
line on the south shore of Lake Superior (Fic. 2). The lowland is 
essentially a plain, sloping gently toward the lake, and trenched by 
streams to a depth of 25 to 100 feet. The upland is rolling and rugged 
with morainic features, pitted outwash plains, and large areas of 
poorly drained topography on which swamps and bogs have developed. 
The existence of these geographical provinces is due to the presence of 
a graben at the west end of Lake Superior, which depressed the Upper 
Keweenawan sandstones below the level of adjacent trap rocks 
(Martin, p. 429, l. ¢.). This is supposedly of Pre-Cambrian age and 
was subsequently filled with sediments and then excavated by water 
and ice erosion into its present general condition. The soils of the 
lowland are largely clay and silt with a distinctively red color. The 
origin of these is lacustrine and they were deposited in the glacial 
lakes which formed upon the retreat of the ice sheets. The soils of 
the upland are heterogenous. In the areas of moraines they are rocky 
and contain a mixture of sand, silt, and clay. In the areas of outwash 
they are sandy (see soil map, Fra. 1). 
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The complete Pleistocene history of Douglas County is not yet 
clearly understood and entirely agreed upon by geologists; however, 
it is possible to give a general outline of the events, at least during the 
latter part. Although drift earlier than the Third Wisconsin or Cary 
Substage is not known in Douglas County, it seems reasonable to 
conclude that the region was traversed by ice during most of the 
glacial stages. Leverett (Fig. 5, p. 19, ’28) has mapped the drift in 
the southern part of the county as Third Wisconsin Substage (Cary) 
and that in the central and northern part as Fourth Wisconsin Sub- 
stage (Mankato). Upon further investigation these drifts may prove 
to be the Fourth and Fifth Substages respectively. 

After the last Cary Ice had melted back there was evidently a period 
during which glacial lakes formed along the margins of the retreating 
ice front. Of these in northern Wisconsin, Martin (pp. 453-454, ’32) 
makes reference to a so-called “Glacial Lake Rouge” and to a “Gla- 
cial Lake Sioux” farther east in the Lake Michigan basin. These two 
lakes are better known as Early Lake Duluth and a stage of Early 
Lake Chicago respectively. The first formed in the same basin oc- 
cupied later by Glacial Lake Duluth and according to Martin prob- 
ably drained by the same outlet. With the continued retreat of the 
ice this lake and another, Glacial Lake Milwaukee (Early Lake 
Chicago), in the Lake Michigan Basin coalesced and formed what he 
calls “Glacial Lake Sioux.” Following the formation of “Glacial 
Lake Sioux” there was another advance of the Wisconsin Ice Sheet 
(Mankato), with one lobe entering the state and Douglas County 
from the north while another lobe entered Wisconsin southwest of 
Douglas County, from the northwest. Martin further states that, 
“The interval between the termination of Glacial Lake Sioux and the 
readvance was sufficiently long for the growth of forests.” He refers 
to the forest bed at Two Creeks, Manitowoc County, Wisconsin, and 
those in the Fox River Valley for this proof (Martin p. 268, 1. c.). 

That there was an interval between the two Wisconsin substages 
in Douglas County during which glacial lakes existed and forests 
flourished is strongly suggested by two fossil logs collected near 
Solon Springs on the west shore of Lake St. Croix in Government 
Lot No. 4, Section 18, Township 45 North, Range 11 West. These 
logs were buried beneath eight feet of river gravel of which the lower 
part resembles a hard-pan formation. They were discovered by Mr. 
George Schunning of Superior, Wisconsin, while drilling a well, but 
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Fra. 1, Soil-belts of Douglas County, Wisconsin, and Locations of investi- 
gated Peat-deposits; 2, Forests of Douglas County at time of Glacial Lake 
Duluth; 3, Forests of Douglas County at time of Glacial Lake Algonquin; 4, 
Forests of Douglas County at time of Nipissing Great Lakes; 5, Forests of 
Douglas County in 1897, prior to extensive Lumbering Operations; 6, Forests 
of Douglas County at present time. ak 
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were not disturbed until examined by the writer. The gravels were 
deposited in the outlet river of Glacial Lake Duluth or possibly of 
the so-called “Glacial Lake Rouge” discussed by Martin. The two 
logs were parallel with one another and pointing in the general direc- 
tion of the glacial river channel. The gravel overlying their resting 
place is very coarse and well washed. The hard-pan is of the same 
coarse material, but also has considerable sand mixed with it and the 
whole mass is cemented together with a ferruginous matrix. In dig- 
ging out the logs it was necessary to dig about two feet below them. At 
that depth, masses of red clay typical of the Superior Lowland were 
encountered. 

The logs were studied microscopically and found to be a species of 
spruce, possibly Picea glauca (Moench) Voss. They are in an ex- 
cellent state of preservation and the growth-rings are easily counted. 
The larger log is six inches in diameter and has fifty-five growth-rings 
present, while the smaller log is approximately five inches in diameter 
and has forty-six growth-rings. These rings are of the same size as 
appear in logs of P. glauca today and they also show a reduction in 
width near the surface such as was observed in the logs of the Two 
Creeks Forest Bed (Wilson, ’32). 

During the maximum extension of the ice-lobe in the bed of Lake 
Superior and its gradual recession north of the Copper Range in 
Douglas County, there were glacial lakes present along its borders. 
These continued to grow in area and each survived long enough to 
allow the cutting of beaches. 

While the Superior lobe was at its full extent there existed along 
the margin of the ice at the west end of the Lake Superior basin a 
glacial lake known as Glacial Lake St. Louis. It did not extend into 
Douglas County but occupied the central part of the St. Louis 
drainage basin in Minnesota. This lake drained down the present 
course of the St. Louis River to Scanlon, Minnesota, and from there 
southward to the Kettle River, thence to the St. Croix and Mississippi 
rivers. 

As the ice front receded slightly there came into existence a small 
lake probably fifty square miles in area, in the upper part of the Ne- 
madjii River basin. The well defined beaches and cuts made into 
morainic ridges indicate that this lake endured a considerable length 
of time. 

On the eastern side of the county there appeared another small 
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lake as the ice receded. This is known as Glacial Lake Brule, and it 
developed in the northern end of the Brule River valley. It covered 
an area of approximately twenty square miles. 

At about this time, or earlier, in the valley of the St. Croix River 
there was forming a glacial lake due to an ice advance from the 
Kewatin center. The ice-front advanced across the Mississippi River 
between St. Paul and Clearwater, Minnesota, and reached Grants- 
burg, Wisconsin. This appears to have dammed the Mississippi and 
St. Croix Rivers and resulted in the formation of Glacial Lake 
Grantsburg. The presence of clays within the region further shows 
the existence of a body of glacial water. The extent of Lake Grants- 
burg is not agreed upon by geologists. By some, it is thought to have 
extended well into Douglas County (Hansell, 30), but by others the 
area of the glacial lake is thought to have been restricted to narrower 
limits in Burnett and Polk Counties. 

With further recession of the ice in the Superior basin the several 
marginal lakes along the south range joined and fell to the common 
level of Glacial Lake Brule. The drainage of these lakes was south 
through the Brule-St. Croix rivers. Upon the formation of this larger 
body of water, Glacial Lake Duluth came into existence. 

The outlet of Glacial Lake Duluth was also by way of the Brule 
and St. Croix rivers. This lake appears to have lasted a considerable 
period and became very extensive. This is suggested by the deepened 
channel and terraces of the outlet. Another evidence for its long 
duration is the well defined beaches upon its shores. The extent of 
this lake over Douglas County is shown in Figure 2. The lake must 
have stood nearly 700 feet higher than the present level of Lake 
Superior, and according to Hansell (I. ¢.) there is evidence of an even 
higher level. 

When the ice in the Lake Superior basin melted away from the sides 
of the Huron Mountains and from the western part of the Upper 
Peninsula of Michigan, Glacial Lake Duluth began to drain into the 
Lake Michigan basin. There was a drop in the water level and 
gradually there came into existence the extensive Glacial Lake Algon- 
quin. In the Superior basin the water level then stood about 350 feet 
above the present level of Lake Superior and the Brule-St. Croix 
outlet ceased to function. In Douglas County a new strip of land was 
exposed by this fall of the water level (Fic. 3). The ice in the Great 
Lakes basin continued to recede in a northeast direction and in so 
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doing uncovered lower and lower outlets, which further lowered 
Glacial Lake Algonquin and brought into existence the Nipissing 
Great Lakes (Fic. 4). At the head of the Superior basin this shoreline 
is below the present one of Lake Superior. The Nipissing stage ap- 
pears to have existed for a considerable period as is indicated by well 
marked beaches and extensive peat deposits submerged in Lake 
Superior. Martin (p. 463 1. c.) in discussing the duration of this lake 
states, “It seems possible that the present stage of Lake Superior has 
not yet existed as long as did the Nipissing Great Lakes.” It is also 
true that the Nipissing beaches are broader and higher than those of 
lakes Duluth and Algonquin. 

Lake Superior developed from the Nipissing Great Lakes largely 
as the result of the differential uplift of the region. This has resulted 
in the establishment of the St. Lawrence River outlet of the Great 
Lakes and, in Douglas County, the drowning of certain river valleys 
at the head of Lake Superior. Subsequent topographic modification 
in Douglas County has been restricted to the erosion of former lake 
and drift deposits by streams which flow across them and to the filling 
of small lakes with sedimentary materials forming swamps and bog- 
lands such as described above. 


THE PRESENT VEGETATION 


The floral components of Douglas County are several but the most 
conspicuous is the Canadian. This flora in Douglas County is com- 
posed of such trees as Pinus Banksiana, P. resinosa, P. Strobus, Picea 
glauca, P. mariana, Abies balsamea, Thuja occidentalis, Larix larieina, 
Betula papyrifera, B. lutea, Quercus borealis, and Acer saccharum. It 
will be noted that the greatest number of these species are gymno- 
sperms. The important shrubs of this flora are heaths and the fol- 
lowing are the common species: Andromeda glaucophylla, Gaylussacia 
baccata, Chamaedaphne calyculata, Vaccinium pennsylvanicum, Arcto- 
staphylos Uva-ursi, Kalmia polifolia, and Ledum groenlandicum. 
Other important shrubs are Myrica Gale, M. asplenifolia, Betula 
pumila, var. glandulifera, Corylus americana, C. cornuta, Alnus crispa, 
A. incana, Acer spicatum, Dirca palustris, several species of Lonicera 
and Saliz, and numerous species in the complex genus Rubus. The 
species of the herbaceous flora are too numerous to list, but it contains 
in abundance such species as Clintonia borealis, Coptis trifolia, Matella 
nuda, Sarracenia purpurea, Chiogones hispidula and Moneses uniflora. 
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The above species are present on the uplands or in the bogs and a 
number of them are important in the fossil recerds of Douglas County. 

The second most important element in the flora of the county is the 
Alleghenian. To this belong such trees and shrubs as Rhus typhina, 
Juglans cinerea, Ulmus americana, Tila americana, Carpinus caro- 
liniana, Prunus virginiana, and several species of Cornus. 

The third element is that of the Atlantic Coastal Plain. This ac- 
cording to McLaughlin (’32) is associated with the Glacial Great 
Lakes. The important species of this flora are Yyris torta, Ryncho- 
spora capitellata, Eriocaulon septangularc, Vaccinium macrocarpon, 
and Hehinochloa Waltert. 

The fourth member of the Douglas County flora is the prairie 
element. These are species that are all herbaceous and for the most 
part of technical taxonomic groups. They contain many grasses and 
composites as well as some legumes. In Douglas County this flora 
is confined to sandy soils. 

The most recent floral member is the weed element that has invaded 
the region from Europe. These species are best developed upon 
cultivated or abandoned soil. Ranunculus acris and Taraxacum 
officinale especially have thrived, often to the extent of completely 
coloring the landscape. 

The present vegetation is quite definitely divided into two belts, 
which to some extent closely follow the soils. The soil map of 
Douglas County (Fic. 1) shows several rather distinct regions, but 
the vegetation in these is generally distributed except in the sand 
plain belt. There is found at the edge of this belt a sharp transition 
and only species able to grow on light acid soils are to be found on the 
sand plain. This belt is locally known as the sand barrens, and the 
name quite graphically portrays the area. The vegetation upon the 
light sandy soils today is a remnant of a once extensive pine forest, 
and an invading prairie flora. Upon the sand plain many lakelets 
have developed into bog-land and upon these areas, in a few localities, 
are to be found bog-land associations of the same type as found in 
the other soil belts. 

The sandy loam, silt loam, and red clay belts contain a more varied 
flora than the sand plain, and are more nearly alike in their compo- 
nents than one might expect. Pinus Strobus, Acer saccharum, and 
Quercus borealis were the dominant trees in the virgin forests. Over 
much of this area at the present time the two most important trees 
are Populus tremuloides and Betula papyrifera. 
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The condition of the forests in Douglas County near the end of the 
nineteenth century according to Roth (’98) and old residents was such 
that the northern one-third of the county (upon the red clay) was oc- 
cupied almost wholly by P. Strobus, the middle one-third was a mixed 
hardwood and pine forest, and the southeastern part, except for that 
occupied by a silt loam in the extreme southeastern corner, was covered 
by P. resinosa, P. Banksiana, and Quercus ellipsoidalis. 

Since that time the forests have been almost completely logged or 
burned over and today there remain only a few isolated areas of 
virgin timber. At the present time, according to Bordner and others 
(p. 18, 733), 79.5% of Douglas County is covered by forest land in 
various stages of development, 6.7% by bog and open swamp, 1.4% 
by water, and 1.9% by urban development. 


Prat Deposits oF Pro-GuaciaL LAkE-DuULUTH-AGE : 


It is stated above that Glacial Lake Duluth probably stood 700 
feet above the present level of Lake Superior in Douglas County and 
drained by way of the Brule and St. Croix rivers. Therefore, the 
depressions located above this level should have come into existence 
with the recession of the ice sheet that controlled the elevation of the 
various glacial lakes in the Lake Superior Basin and they each must 
have developed independently from that early time. Those bogs 
numbered 1 and 2 in Fie. 2 are above the level of Glacial Lake Duluth 
and therefore represent the earliest depressions in which organic 
sediments could have collected. The existence of Lake Grantsburg 
in Douglas County is now generally discounted and the bogs numbered 
3 to 6 inclusive are also of Pro-Lake-Duluth age. 

It is impossible to state how soon after the formation of the de- 
pressions, in which each bog is located, organic sediments appeared, 
but there is evidence that indicates a very early date of deposition. 
Probably the best evidence is that found in bogs Nos. 3 and 4. These 
are formed in a pitted sand plain with ridges between them that indi- 
cates by the sharpness of the ridges that little subsequent modification 
has taken place in the topography since its formation. The bogs each 
cover an area of less than one acre and are surrounded on all sides by 
sand. In contrast to the sand walls the foundation of these bogs is 
blue clay, and downward, this gradually grades into Lake Superior 
red clay. Upon the blue clay no sand from the hillside was found, 
though a thorough search was made for it. Instead there is in both 
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bogs a sharp contact of clay and peat. It seems reasonable to ex- 
pect that small bodies of water standing so fayorably located for the 
drifting or washing of sand from the hillsides would soon have a layer 
of sand over their floors, and the absence of this is strong evidence 
that plant life appeared in the ponds almost immediately after they 
were formed, In addition to the above evidence, seeds and rhizomes 
of Nymphozanthus are present in the very lowest levels of the moss 
peat. This is highly suggestive that a phanerogam vegetation per- 
sisted in the region at the edge of the ice sheet. This genus is to a 
large degree water-dispersed, and in order to reach the bogs at such 
an early time, it must have been very near. 

Boa No. 1.—Bog No. 1 is located on the west side of State Trunk 
Highway 35, approximately five miles south of Pattison State Park. 
It covers an area of several acres in Sections 7 and 18, Township 46 
North, Range 14 West. Three borings were made in this bog, and the 
deepest was 120 inches. The mineral soils beneath the peat were 
found to be a mixture of sand and clay. The depression in which 
the bog is developed is a kettle hole in ground moraine. 

Through most of the profile the peat is of the black woody type, 
but below 85 inches of the deepest boring a more decomposed type 
was found. This latter is of the kind usually found in deep water of 
the present northern bog lakes and is definitely of sedimentary origin. 

The living plants of the surface of the bog are predominantly Picea 
marvana, Ledum groenlandicum, Chamaedaphne calyculata, and Vac- 
cintum spp. ‘These plants cover a loose mat of Sphagnam and Poly- 
trichum. 

The tree flora of the surrounding upland is largely Pinus Strobus, 
Betula papyrifera, and Populus tremuloides. The other trees present 
in lesser abundance are Acer rubrum, Quercus ellipsoidalis, Abies 
balsamea, and Pinus resinosa. The important shrubs are Alnus incana 
and Salix sp. 'The herbaceous vegetation contains such species as 
Cornus canadensis, Epigaea repens, Gaultheria procumbens, Gramineae 
spp., and several species of Aster and Solidago. The upland vegeta- 
tion as a whole is just recovering from the effects of lumbering and 
recent severe burning. No indication was found of recent fire on the 
bog. 

This peat deposit appears to be well above the highest elevation 
reached by the waters of Glacial Lake Duluth during the cutting of 
its well marked beach (Fra. 2) and should, therefore, present a record 
of the flora from the time of recession of the Mankato ice. 
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Boc No. 2.—This bog is located on the north side of County 
Highway N, in Section 26, Township 45 North, Range 13 West. 

It covers an area of approximately one quarter-acre and its maxi- 
mum depth is forty-one inches. The mineral soil upon which the 
deposit has developed is a sandy blue clay and the soil of the sur- 
rounding area is a heavy sand-loam with many boulders dispersed 
through it. These soils constitute part of the Kerrick Morainic 
System mapped by Leverett (p. 23, 28). The basin in which Bog 
Number 2 has developed is a kettle hole in this moraine. 

The peat below 31 inches appears to be of a truly limnic type while 
above that depth it contains wood and Sphagnum which indicates 
that the pond stage had been passed. 

The plants on the bog at the present time are Larix laricina (domi- 
nant), Picea mariana, Ledum groenlandicum, Chamacdaphne calyculata, 
and several species of Vaccinium and Carex. The mat upon which 
these plants are growing is composed of Sphagnum sp. and Polytrichum 
strictum. The trees do not form a dense cover, for they are all ap- 
proximately fifteen feet apart. 

The upland flora is of the hardwood type with Fraxinus pennsyl- 
vanaca var. lanecolata, Ulmus americana, and Tilia americana domi- 
nant. There also occur a few trees of Pinus Strobus, and Preea glauca 
in the area adjacent to the bog. 

Like the previous deposit this one should also record the vegetation 
from its earliest appearance in the region. 

Boc No. 3.—Bog No. 3 is approximately two miles south of the 
village of Solon Springs in Section 1, Township 44 North, Range 12 
West. 

The area of the deposit is slightly less than one acre. Six test pits 
were dug into it and a detailed cross-section of the deposit was studied. 
The deepest test pit was sixty inches to the contact with blue clay. 
Red lacustrine clay underlies the blue. 

The whole deposit is developed in a saucer-like depression of 
lacustrine clay, the origin of which is not clear, but it appears to ex- 
tend under the sand-hills that surround the bog. The depression is 
obviously a glacial kettle and the sand-hills which surround this and 
the other bogs of the vicinity are features of pitted outwash topog- 
raphy. The upland soil is a light cross-bedded sand with lenses of 
fine gravel interspersed. 


In the deepest test pit there was found twenty-four inches of blue 


———————— 
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clay overlying red clay of the same lithology. Overlying the blue clay 
in sharp contrast a thirteen inch layer of Drepanocladus and N ymph- 
ozanthus peat was found. This peat is composed of remarkably well 
preserved moss plants and rhizomes and seeds of Nymphozanthus. 
The sharp contact of the peat and clay, and lack of sand particles 
between the two, have been noted above as suggesting a very early 
colonization of the area by plant life. The mosses, when examined by 
Mr. L. S. Cheney, were found to be Drepanocladus revolvens and D. 
Wilsont. These are aquatic forms which today have an Arctic and 
Canadian distribution. 

Near the top of the brown moss peat there occurred a three inch 
layer of transitional material which contained fragments of Dre- 
panocladus moss and finely divided limnic sediment. This peat type 
gave way above to a black and somewhat heterogeneous fibrous 
material. The upper stratum was 27 inches thick and in this material 
at a depth of 32 inches from the surface a thin charcoal layer was 
found. This indicates a burning of the bog surface, probably due to a 
forest fire in the region at a very early date in the post-glacial history 
of the region. The black fibrous peat is overlain by a loose mat of 
Sphagnum moss. It forms a cover that is nearly 17 inches thick over 
most of the bog. At the contact of the Sphagnum mat and the black 
peat, another charcoal layer was found. This layer is the result of 
fires that severely burned the bog cover and the surrounding upland 
in 1918. 

The bog cover at the present time is almost entirely Chamaedaphne 
calyculata except near the edges where it is replaced to some extent 
by several species of Carex. Buried in the Sphagnum mat are to be 
found many stumps of Picea mariana which were burnt nearly to the 
level of their roots. Around the outer edge of the bog on the south 
side several species of Salix have become established and have formed 
a dense cover. 

The upland flora has also suffered great destruction from the fire 
of 1918. There was previous to that time a moderate second-growth 
cover of Pinus resinosa and P. Banksiana but the forest fire which 
swept the area has not only almost completely destroyed this cover 
but also has burned off the upper humus layer of the soil. 

Boa No. 4.—The location of this bog is a few hundred yards north 
of Bog Nunber 3, in Section 1, Township 44 N orth, Range 12 West. 

The area of the bog is slightly more than one-fourth acre and the 
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ereatest depth found was eighty-one inches. ‘The formation of this 
deposit is identical with that of Bog No. 3. The basin soil is a blue 
lacustrine clay underlain by red clay of the same origin. 

The peat was found to be in sharp contact with the blue clay and 
no sand was observed as occurring between the two deposits. The 
aquatic moss which makes up the lower peat stratum is Calliergon 
trifarium and is in the same perfect state of preservation as the mosses 
in Bog 3. This layer in the center of the bog was found to be eighteen 
inches thick and at the top to undergo a transition into a black limnic 
peat. The limnic peat also forms a layer which is nearly eighteen 
inches thick, and above that the peaty material is black and fibrous 
in nature. Much wood and moss tissues were found throughout. 

The mat covering the bog is composed of several species of Sphag- 
num and of Polytrichum strictum. The plants occurring on this mat 
are Chamaedaphne calyculata, Ledum groenlandicum, and a few small 
trees of Picea marvana. 

The upland flora is much more dense than it is around Bog No. 3. 
There are many trees of Pinus resinosa, P. Banksiana, Betula papy- 
rifera, Populus tremuloides, and a few scattered trees of Abies balsamea 
and Telia americana on the hillsides. The shrubs are Salix sp., Alnus 
incana, Myrica asplenifolia, and Rosa sp. The herbaceous plants are 
Aster sp., Liatris sp., Solidago sp., Rubus sp., and:-Andropogon furcatus. 

Bog No. 5.—On the north side of County Highway N. in Section 21, 
Township 45 North, Range 11 West. 

The area of this deposit is about one-quarter of an acre. Three 
test-pits were studied and the deepest was found to be eighty-four 
inches. The mineral soil underlying the peat is a silty sand. It was 
mixed with considerable organic material to a depth of one inch below 
the contact and was found to contain microfossils in comparative 
abundance. The topography of the area about Bog No. 5 is developed 
in a pitted outwash plain. 

The lowest forty inches of peat in this deposit appears to be en- 
tirely of the limnic type and through a transition layer nearly ten 
inches thick it grades into a woody Sphagnum moss peat. This 
latter type is found upward to within eleven inches of the surface in 


the middle of the bog and there the peat is a compacted layer of 


Sphagnum. 
This bog is oval in shape and there are three zones of vegetation 


concentrically arranged on its surface. The center zone is covered 
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by a thick mat of Sphagnum spp. and Polytrichum strictum. On this 
there is growing a small clump of Chamaedaphne calyculata. The zone 
surrounding the Sphagnum is one of Carea sp. and contains a number of 
small trees of Pinus Banksiana, and Populus tremuloides. The third 
and outer zone is made up of a dominant cover of Rubus sp. and a 
number of small trees of Populus tremulordes. 

The upland flora has suffered greatly from a recent forest fire, but 
no evidence of this fire was found on the bog. The vegetation of the 
surrounding sandy hillsides is meager and is composed largely of 
small trees of Pinus Banksiana, P. resinosa, and Quercus ellipsoidalis. 
The herbaceous vegetation is largely of a prairie character with Aster 
sp., Solidago sp., and Liatris sp. dominating. 

Boa No. 6.—Bog No. 6 is located on the west side of County 
Highway H in Section 13, Township 45 North, Range 10 West. It 
lies in a kettle-hole between Murray and Sand Lakes and during 
normal years it contains a little water over a mat of Carex peat. In 
1933 this deposit was studied and during that year and the succeeding, 
no water stood in the basin of the depression. 

The area of the whole deposit is probably less than one-sixth of an 
acre. The deepest boring was made near the center of the bog, and 
sand was encountered at one hundred and thirty-five inches below 
the surface. 

The depression in which Bog Number 6 has developed, as well as 
those in which are located the nearby lakes, are kettle-holes left by 
ice-blocks in a pitted outwash plain. The upland soils are outwash 
sands and gravels. 

The whole profile of peat in this bog must be considered as limnic 
in origin except possibly for the Carex tissues which accumulate on 
the surface of the deposit during dry periods. During the last few 
years this has been the only source of building material that has ac- 
cumulated in the depression. It is quite possible that in the develop- 
ment of this deposit we have now a transition type of peat in the pro- 
cess of formation. What may follow is a matter of conjecture based 
upon observations of other profiles in the region. It is quite possible 
that a Carex peat will succeed the peat now forming and as the deposit 
matures, this will be succeeded in turn by a Sphagnum and Poly- 
trichum moss cover. Another trend is also possible if the Carex peat 
becomes modified by weathering agents. This alternative is the 
invasion of the bog area by deciduous trees and shrubs. 
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The bog cover when studied was composed of a number of species 
of sedges and species of Solidago and Eupatorium. Around the bog 
are shrubs of Salia spp.,and Alnus incana. The flora on the surround- 
ing upland is a thin second growth forest chiefly composed of Pinus 
resinosa, P. Banksiana, Quercus ellipsoidalis, and Betula papyrifera. 


Peat Deposits or Pro-GuactaLt Lake ALGoNQ@uUIN AGE 


With the uncovering of a lower outlet for the waters held between 
the front of the retreating ice in the Lake Superior Basin and the 
hills which surround the basin, the water level in Lake Duluth dropped 
to that occupied by Lake Algonquin. As a result of this drop in water 
level there was exposed a narrow strip of land upon which vegetation 
could establish itself (Fie. 3). 

The general gradient of the exposed strip of land is comparatively 
steep and consequent drainage has been so vigorous that it has cut 
back into the headland and has perfected the run off to a marked 
degree. This has resulted in the leaving of very few undrained de- 
pressions in which organic sediments could accumulate. This fact 
and the narrowness of the newly exposed land area are the two 
factors which seem to explain the scarcity of peat deposits which 
began their formation with the establishment of the best known 
level of Lake Algonquin in Douglas County. 

Boe No. 7.—Bog Number 7 is located on the east side of County 
Highway H in Section 3 of Township 46 North and Range 10 West. 
It was formed in an undrained depression on the highest terrace of 
the Brule River. 

The area of the entire deposit is less than one-half acre and the 
deepest test pit was thirty-three inches. At that depth a blue clay 
was encountered. The soils of the surrounding area are sandy and 
contain some river-gravels and large boulders. 

This deposit began its development with the fall of the water in 
Lake Duluth and the disuse of the highest terrace in the Brule River 
valley. Whether the cutting of the next lower terrace marked the 
end of Lake Duluth and the beginning of Lake Algonquin is not 
known, but the time interval between the use of the highest terrace 
and the cutting of the next lower must have been considerable, and if 
the assumption that this deposit is of Pro-Algonquin age is incorrect, 
it is at least much younger than those deposits already discussed. It 
is stated above that Lake Duluth drained by way of the Brule and 
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St. Croix rivers and that this stage of the Glacial Great Lakes per- 
sisted for a rather long period of time. It is assumed that vegetation 
spread northward very shortly after the region was uncovered by 
the Mankato ice. If that is true the outlet river of Lake Duluth was 
bordered by forests long before Bog Number 7 emerged from the bed 
of the glacial lake outlet. The distance from the bog-deposit to the 
ancient river-bank is less than two hundred yards, therefore it seems 
reasonable to suppose that in the earliest sediments that accumulated 
in the depression will be found microfossils from the vegetation of 
the hillside. The presence of these will then give the basal deposit 
nearly the same spectrum as is found at higher levels in other de- 
posits not similarly situated. 

In this deposit three layers of charcoal were found. These were at 
17, 12, and 9 inches, respectively, below the surface in the deepest 
test pit. The lowest seven inches of peat is decidedly of an aquatic 
type and above that level the peat contains wood and some moss 
tissues. The top cover is a dry Sphagnum with sedges, Ledum groen- 
landicum, Chamadaphne calyculata, Alnus incana, Betula pumila, 
Saha sp., Larix laricina, Abies balsamea, and Picea mariana. These 
plants form a dense tangle over the bog area. 

The upland flora north of the bog contains many large trees of 
Pinus resinosa, and P. Strobus. Other trees of the area are Populus 
grandidentata, Betula papyrifera, Quercus ellipsoidalis, and Pinus 
Banksiana. 

Boa No. 8.—This deposit is located on the east side of County 
Highway E approximately two and one-half miles north of the village 
of Lake Nebagamon in Section 13 of Township 47 North, and Range 
11 West. 

According to the map prepared by Hansell (I. ¢.) this bog is located 
between two islands that existed in Glacial Lake Duluth. The map 
prepared by Leverett (’28) does not show the presence of these islands. 
Instead he indicates that there was a slight invagination in the coast 
line of Lake Duluth, and though this does not definitely extend over 
the entire area of the bog, the probability of that extension is great. 

The full extent of the bog was not investigated, but it probably 
covers more than forty acres. In the deeper test pit, contact with 
blue clay was found at fifty-four inches below the surface. The 


lowest eighteen inches of peat are of limnic origin and above that 
level a black, woody peat is present. 
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The present bog contains little Sphagnum and the mesophytiec 
cover suggests that the peat is undergoing surface modification. This 
contains such plants as Osmunda regalis, Thuja occidentalis, Abies 
balsamea, Betula lutea, Fraxinus pennsylwanica, var. lanceolata, Alnus 
incana, Nemopanthus mucronata, Cornus stolonifera, and species of 
Rubus, Aster, Solidago, and Gramineae. 

The upland flora is composed of a young, mixed, second growth 
forest in which Populus tremuloides, Betula papyrifera, Pinus Strobus, 
P. resinosa, Acer saccharum, Quercus ellipsoidalis, and Prunus penn- 
sylvanica are important members. 


Prat Deposits or Pro-Nripisstnc GREAT LAKES AGE 


With the gradual northeastward recession of the ice mass in the 
present Lake Superior basin a continuous drop in the level of Glacial 
Lake Algonquin resulted. Finally an outlet was established via the 
Ottawa River and the water fell to the level known as the Nipissing 
Great Lakes. At the west end of the Lake Superior basin this level 
was below that of the present lake, and part of this area has since 
been submerged as the result of differential uplift in the region of 
Lake Superior. Upon the newly exposed area forests soon became 

‘established. This is indicated by the presence of buried peat-beds 

near the Apostle Islands, Bayfield County, Wisconsin (Wilson, ’35) 
and off Minnesota and Wisconsin Points at the west end of Lake 
Superior. The age of the peats is considered to be the same as the 
One Outlet Stage of the Nipissing Great Lakes. An examination of 
peat from the Apostle Islands Region shows that is was formed in as- 
sociation with a complex flora and the material that was recovered 
for study did not include basal strata containing the usual pioneer 
flora of Prcea. 

The belt of Pro-Lake Nipissing land at present exposed above 
Lake Superior probably ranges from twelve to thirty miles wide 
(Fic. 4). This land area has a gentle slope toward the lake and may 
be justly described as a lake-plain. Upon the plain in a few undrained 
irregularities peat soils have accumulated. Two of these deposits 
have been examined in detail. 

Bog No. 9.—This deposit is located on the west side of 58th Street 
and Hammond Avenue in South Superior. It is in Section 2 of 
Township 48 North and Range 14 West. The area of Bog Number 9 


is about one acre in extent. 
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The basin in which the peat has accumulated is an undrained ir- 
regularity in the Jake-plain. The origin of the depression may be a 
meander-channel of the Nemadjii River that was abandoned very 
early. 


Prrcenraces or Microrossits In Boa No. 9, 
Dovuatas County, WISCONSIN 


SPECIES Depru IN INCHES 
sy IBY ilo 16 12 om if 4 2 O 
SPHAGNUM........ Te Ph ayes ffata) 2hQ) 55 67 (hs P4il 2 
LycopopiumM 

ANNOTINUM...... OF @ @ l 0 0) 0 Om 1 
L. CLAVATUM...... ‘ee 0 0 0 0 gh = (OE 28) 
Pinus Strosus & 

P. RESINOSA..... ©) 3) 7 29 13 13 asses Cie PAL Hil 
P. BANKSIANA..... OD OF ae: 35 sei yrs: iteiy, YF. 4 il 
JEGING 5 nc avacare Co) Ge 3 38 54 24 14 fe HOR. ¥¢ 
IA RING 27 ee ee ee O. © il ey 0 nO 1 3 1 
GRAMINEAE....... 12 0O oe 0 0 0 0 OP ORES 
SAT Xe eee eee 0 O oD a #53 son KP 
1BHOUM GTN, ., aa ee mn Ie Qe es 3 Sahn <P PIP 9 14 
ANUS: ae ea eee OO ee Z 0 0 0 3. 54 eee 
OUBRGUS Hen O  @ ie 0} 0 0 Of Oar 
AGHR >. Bei cee cert 0 @ 1 sty MU, 0 OF 0) a sal 
ERICACEA......... O WM & I etiten aE oe eal Sl Oe 
COMPOSITAE....... Ge  ® 1 0 1 0 1 26 39 

PERCENTAGES OF Microrossits IN Boa No. 10, 
Dovucias County, WISCONSIN 
SPECIES DeptuH IN INCHES 

Ge sd He, UD ie ilies O 
SPHAGN UMS tacks ft en ae eee 2 0 2 0 2 0 
HOUYEODEAGH AT seen er eerie 0 0 0) 0 2 0 
LYCOPODIUM ANNOTINUM............ 10 20 6 6 4 yy 
LAP CLAV:ATT UNG erence ere ee ae 1 0 2 2 1 4 
Pinus Strosus & P. RESINOSA.... 1 7 8 6 8 24 
BS .BAN KS LANA Aes oe ele ee 1 0 0 0 0 2, 
PICA Pi: Be ecr tes. ee ee 85 72 SO 36 26 8 
ABIES Osco tek age, atk eee eee 0 0 0 1 16 0 
(GROVE EAE) 0 0 0 0 2, 0 
SAL TX Ie Ore oe. 2 ioe, 0 1 0 2 0 0 
BATULAR ate boca eee eee 0 0 0 10 10 i 
STUNTS 8 ek: Ayia oe ee esa een ee 0 0 0 28 10 18 
COMPOSTUAR: Ss tee eee 0 0) 2) 6 16 30 


Three test-pits were studied and the deepest was found to contain 
twenty-eight inches of peat. The peat was found to be in contact 
with blue clay, and the lower six inches appear to be limnic in origin. 
The peat above that level is distinctly of a woody type which contains 
much Sphagnum moss tissues. 
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This bog is fast being destroyed by burning and civic improvements, 
but when studied in 1933 it was covered by a dry Sphagnum mat 
upon which a few small trees of Picea mariana grew and in addition 
the following heaths were abundant: Ledwm groenlandicum, Cham- 
aedaphne calyculata, and Vaccinium Vitis-Idea, var. minor. The oc- 
currence of the last species is of special interest because at the present 
time this is one of the two known stations for it in Wisconsin. It is 
more abundant on the north shore of Lake Superior. The persistence 
of this subarctic plant on Bog Number 9 is an argument for the bog’s 
continuous development from early Lake Nipissing time. 

The upland vegetation is a sparse second growth cover of Alnus 
incana, Betula papyrifera, Abies balsamea, Salix sp., Pinus Strobus 
and Populus tremuliodes. 

Boa No. 10.—Bog No. 10 is located on the west side of a township 
road that reaches the mouth of the Brule River from U. S. Highway 
13. The bog is in Section 16 of Township 49 North, and Range 10 
West. 

Like the preceding deposit this one is in an undrained depression 
of the lake-plain. The area of the deposit is not more than five 
hundred square feet and its maximum depth is only six inches. Be- 
low the peat the soil is a heavy pink clay. 

When the peat materials were collected there was some doubt con- 
cerning the possible use of this deposit, but upon examination the 
same type of spectrum as found in other deposits was recognizable 
though much compressed. No oxidation of the peat was found. The 
nature of the peat varies considerably through the shallow profiles. 
The surface peat is composed of a loose mat of Sphagnum moss; 
below this and to a depth of two and one-half inches the peat is fibrous 
and somewhat woody; the next underlying peat-type is completely 
homogeneous and extends downward to the five-inch level, where the 
peat becomes a mixture of mineral and organic sediment one inch 
thick. 

The flora of the bogand surrounding area is such as is found growing 
on clay soils in the Lake Superior Region. The dominant trees are 
Abies balsamea, Picea mariana, Betula papyrifera, and Populus 
tremuloides. The dominant shrub is Alnus incana. The herbaceous 
flora is composed of Cornus canadensis, Clintonia borealis, Aralia 
nudicaulis, several species of Aster, Pctasites sp., Lycopodium annot- 
inum, and L. obscurum. , 
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CoMPARATIVE StupIes OF Fosstt SPECTRA IN NORTHWESTERN 
WISCONSIN 


It is generally conceded that under normal sedimentation and peat 
development a profile study of the microfossils in a bog deposit will 
give an accurate record of the preservable organic succession. That 
this record begins with the immediate formation of the basin in which 
sediments may accumulate is not reasonable to expect, but that the 
record began very early after the basins were formed in Douglas 
County, Wisconsin, is strongly suggested by the evidence already 
discussed. The bogs which present this evidence are among the 
oldest in the region and it may be logically assumed that the younger 
bogs likewise record the earliest sediments containing microfossils 
in their respective areas since it has been shown that vegetation was 
in the region during Pro-Lake Duluth time. An examination of the 
lowest peat horizon always reveals a predominance of fossil Picea 
pollen. ‘The species of this genus are considered to be pioneers and 
their appearance in Douglas County in the basal levels of all peat 
deposits also indicates the perfection of the fossil record. 

The dating of the various peat levels must necessarily be somewhat 
hypothetical until more information is accumulated, but we can at 
present state definitely the age of the surface layer and with some 
certainty the basal levels. The dating of the other levels cannot be 
made by determining a rate of peat development, as is done by 
Sears and Janson (733), and using that as a measurement of time. 
This is evident when one compares the depth of contemporaneous 
deposits (Fic. 7). There are many variables that determine peat 
development and each bog appears to have its own particular rate of 
building. The use of specific fossil percentage-curves to arrive at 
even an approximate comparison in bogs of different ages was found 
unsatisfactory in Douglas County. Even the rate of peat develop- 
ment in a single deposit cannot be considered to have been uniform 
from its earliest formation. It is reasonable to expect that as a peat 
deposit matures its rate of formation will be accelerated, because in 
its early stages the organic sediments are usually much more modified 
by bacteria and, as the lake-basin with its body of water matures, the 
organic sediments become coarser and consequently the sedimenta- 
tion is more rapid. For this reason it is impossible even to compare 
the various contemporaneous sections. The similarity of certain 
percentage-curves is significant and these appear to be the best means 
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of age-comparison within short distances. However, this is a suc- 
cessional comparison and does not specify a definite date. As stated 
above, the greatest difficulty in correlation appears when bogs of 
different ages are compared and unfortunately this is the comparison 
of most value in determining the vegetational history of the region. 
The unsatisfactory attempts to use the rates of sedimentation and 
fossil spectra as geological time markers leaves only one method of 
estimating a division of the postglacial time occupied by the lakes 
in the Lake Superior Basin. This is a comparison of the shore work 
accomplished by each of these lakes. According to Martin (page 463 
|. ec.) “it seems possible that the present stage of Lake Superior has 
not existed as long as did the Nipissing Great Lakes.” His evidence 
for this statement is the amount of shorework left by this lake 
stage. The beaches are higher and broader than the preceding two 
lake stages and upon comparison of these and also those of Lake 
Superior it seems reasonable to conclude that Glacial Lake Nipissing 
time may be placed approximately half way back to the uncovering 
of the region from ice. Also, upon a somewhat arbitrary basis, the 
remaining previous time has been divided one half into that occupied 
by Glacial Lake Duluth until it fell to the level of Glacial Lake 
Algonquin, and one half into the time occupied by this latter lake 
until it in turn dropped to the Nipissing Great Lakes stage. This 
division is, admittedly, open to some criticism but it does have some 
supporting evidence and until a better subdivision of postglacial time 
in Douglas County is suggested this appears to be the best available. 

If an examination is made of the fossil spectra from the surface of 
the bogs in Douglas County and then compared with the map of the 
present vegetation (Fic. 6) a marked similarity is evident. This 
close correlation between the fossil spectra and map of the present 
vegetation is a very good demonstration of the value of the paleoeco- 
logical technique in determining plant distribution. 

Pursuing further the suggestion of the above correlation between 
the microfossils and plant distribution, an attempt was made to 
determine the type of forests and their distribution at the time of the 
various glacial lake stages. An examination of the lowest levels in the 
depressions, which were in existence during Glacial Lake Duluth time 
indicates that throughout the county, spruce (Picea) forests were 
dominant. Upon the lighter soils of the county (Fie. 1) an additional 
tree was important with spruce. This was jack pine (Pinus Banksi- 
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ana). A vegetation map such as that shown in Fie. 2 is suggested by 
the spectra from the basal levels of the sediments contemporaneous 
with Glacial Lake Duluth. ’ 

A detailed examination of the lowest sample of peat taken from Bog 
No. 1 shows that among the microfossils present, two interesting plant 
species occur. These are internal leaf trichomes of Nymphaeaceae, 
and spores of Lycopodium inundatum. It is probable that these plants 
were distributed almost entirely by water and to make such distribu- 
tion possible they must have been present in the region very early. 
It is quite certain that this bog was never connected with Lake 
Duluth, at least not during the period when the well marked beach 
was cut at the 1280 foot elevation. It has been shown by Leverett 
and Sardeson (’32) that the last advance of the glacial front in the 
region of Lake Superior was not a complete cover of ice over the area 
and that part of northern Minnesota was free, as well as most of 
northern Wisconsin. That plants were in existence on this uncovered 
drift (Substage 3 of Leverett) during the advance of the last ice is 
suggested by the fossil logs found at Solon Springs, Douglas County, 
Wisconsin, as already described. 

McLaughlin (I. c.) has suggested that Lycopodium inundatum and 
certain species with Atlantic Coastal Palin affinity in northwestern 
Wisconsin are associated in their distribution with the Glacial Great 
Lakes. He further suggests that this distribution was an invasion 
from the Atlantic Coast and Gulf of Mexico during the recession of 
the last ice sheets and the existence of certain glacial lakes. The 
presence of the fossils of L. inuwndatum in the lowest levels of Bog No. 
1 shows that it was one of the first plants in the region. It seems 
possible that this plant, as well as others, remained alive within the 
region during advance of the Mankato Ice. As this ice sheet melted 
the only source from which plants could enter very early upon the 
newly deposited soils would be from the north, west, or south and the 
sarliest means of dispersal of seeds or spores by water would begin in 
the western end of Lake Superior and progress eastward with the 
melting of the ice in the lake bed. It seems more probable that L. 
inundatum and Nymphaeaceae sp. arrived at the location of Bog No. 1 
from the west during the time of Lake Nemadjii or at a brief period 
of Lake Duluth, rather than over a soil barrier from the south. 

The other fossil components of the basal sample of peat are Pinus 
18%, Picea 72%, Gramineae 3%, Betula 1.5%, Quercus 1%, Acer 
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1.5%, and Compositae 1.5%. This fossil flora is the most varied of 
any basal deposit examined in Douglas County and it is interesting 
to note that it is not only one of the oldest deposits in the county but 
it is also the farthest west and was consequently closest to the source 
of early plant dispersal if that center was located as is noted above. 

A compilation of the recognizable fossil species from the basal 
levels of peat in bogs of Pro-Glacial Lake Duluth origin suggests the 
following flora for Douglas County at that time.’ 


SPECIES Boas SPECIES Boas 
DPLAGNUMESPE. eee 4 Les MUNGAUNRUN cio) Jaen oll, Oy Ch, 
DREPANOCLADUS REVOLVENS 3 ABIES BALSAMBA........... 3 
DAWSON Trt eters: 3 (GRAMIN EA DESE ye ene 1 
CALLIERGON TRIFARIUM.... 4 DE UATS Peano les 
LYCOPODIUM INUNDATUM.. . il (QURR CUS Sha aes eee it 
PENUS'STROBUS..........-. 1,6 NYMPHARBACEAE SP.......... ips 
ID SRESINOSA sone 6 OF ce Soa (3) ACHR SPAS eaten eae aes Oe 1 
iPS BaNKSTANAtS 2 oo. 1,3, 4,6 COMPOSITAH SP;...........- Al 
IPIGBAUGEATCASe: jas) 12) oy 4, 0; 6 


Additional species, which occur as fossils slightly above the basal 
level, are as follows: 


SPECIES Boas SPECIES Bogs 
LYCOPODIUM CLAVATUM.... 1 INSU Bs b dds wens eee on 1 
SYNB CET as oie 2 4 PIURIGACH AMIS bse Rm rete 1 


Reference to Fic. 7 shows that at this period Picca forests domin- 
ated the county and on the sandy areas Pinus early attained import- 
ance. Fig. 2 shows a generalized map of this vegetation. 

A compilation of the fossils in the basal Jevels of the two bogs of 
Pro-Glacial Lake Algonquin origin suggests the following flora in 
their immediate areas: 


SPECIES Boas SPECIES Bogs 
PINUS SLROEUSHen one setee . a TD RAVEA TR TUAUNTA sere pitcwr cars ierave ta 7,8 
SRE SLNOSAME Ea Utes rae : i onmunoLies oye apnoea ee or 7 
IPSBANKSIANAS.. 00: .a+ cee ih IATINTUS GPa ac akctair ori ee 7 
IPICWA GUAUCA 20.2 -+ i.e: Tete 


The formation of these two bogs has been discussed above, and it 
was pointed out that Bog No. 7 is located upon the highest terrace of 
the Brule River. When the basin of the bog formed, it was very close 
to an area that was already covered by forests which had passed the 
pioneer stage of succession. Consequently, the basal level in Bog No. 
7 will include fossils from the adjacent highland as well as the fossils 
from plants which grew upon the terrace. Bog No. 8 might also 
present conditions similar to those of Bog No. 7 since it was close to 
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an area exposed when the Mankato Ice disappeared. However, an 
examination of the pollen spectrum of this bog shows that Prcea 
forest alone fringed the shore of Lake Duluth and that this flora 
remained unchanged while at least four inches of peat was formed in 
Bog No. 8. , 

Seven inches above the contact of mineral soil and peat were found 
a few microspores of Selaginella selaginoides. ‘The number of spores 
of this species incréased from 2% of the spectrum at this level (47 
inches) to 4.5% at 43 inches, and to 14% at the 39 inch level. It is 
interesting to note that today this species is found in Wisconsin only 
on the Door County Peninsula in Lake Michigan, and that the nearest 
known stations for it in the Lake Superior region are on Isle Royal, 
and at Grand Marais, Minnesota, and more than one hundred miles 
northeast of Bog No. 8. 

The suggestion made by the percentage of Picea in the basal de- 
posit of Bog No. 8, and the predominance of these fossils at the same 
position in Bog No. 7, appears sufficient to indicate that upon the 
soils newly exposed by the fall of water level, the pioneer vegetation 
near Lake Duluth moved north and established itself. This should 
be further shown when peat deposits in the western part of the county 
are discovered and studied. _ 

In order to determine the flora in the remainder of the county at 
Pro-Glacial Lake Algonquin time, it is necessary to establish a level 
in each bog that will be comparable in time to this lake. The diff- 
culty involved in this procedure has already been discussed and prob- 
ably the best method at present is to consider that one-half of the 
peat in the Pro-Glacial Lake Duluth bogs has been deposited since 
early Nipissing time, one-fourth more during Algonquin time, and the 
additional one-fourth since Duluth time. A comparison of the basal 
spectrum of Bog No. 7 and earlier bogs might be made as a means of 
determining the comparable level, but local conditions make this 
determination difficult. The following comparison has been made 
and the plants listed below represent the fossil flora in the county at 
Pro-Glacial Lake Algonquin time. Species appearing between the 
Algonquin level and up to that of the Nipissing are included in the 
list. 
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SPECIES Boas SPECIES Bogs 
SPHAGNUMSP....... 1, 2, 3, 4, 5, 7, 8 CYPERACEAE §P............ 8 
POLYPODIACEAE SP......... 278 S ATID SP: ere meee 1, 2, 3, 4, 5,8 
LycopoDIUM ANNOTINUM... 1,7,8 BETULAISPy) ee 1, 2, 3, 4, 5, 6, 7,8 
Te CLAWATUMAG. <= al See Ibs SY, ALNUS SP.. 1, 2, 3, 4, 5, 6, 7,8 
SELAGINELLA SELAGINOIDES. 8 QUBRCUS SP:,.7. 2... I, 2, 3, 4, 6, 7,8 
Pinus Strosvs...1, 2, 3, 4, 5, 6, 7,8 Q. ELLIPSOIDALIS (trichome). . 6 
IBS RESINOSAQs sels 253) 455.1617, 9 NYMPHAEACEAE SP........... 1 
P. BANKSIANA...... 1, 3, 4, 5, 6, 7,8 A CHRIS teap 8 amen 1, 2,5, 6,8 
PICEA GLAUCA....1, 2, 3, 4, 5, 6, 7,8 IDiKCUNCIUNIG) ID, co ea cy en wans 1, 3,4 
P. MARIANA...... 1, 2, 3, 4, 5, 6, 7, 8 CHAMAEDAPHNE CALYCULATA 
HAS XG ACERT COMIN AC ee ee 1 (hich omc) Menara eee 
ABIES BALSAMEA. ...1, 2, 3, 5, 6, 7,8 ComposiTak sp.. . 1, 2, 3, 4, 5, 6, 7, 8 
GRAMINEAP SP............. 1,6,8 


It will be noted that a distinction has been made in considering the 
fossils of Pinus Strobus and P. resinosa in the southeastern part of the 
county. These two species cannot ordinarily be safely distinguished 
as fossils. However, they are distinct within certain limits when 
fresh material is studied. In the southeastern part of Douglas County 
there appeared such an unusual abundance of forms characteristic of 
P. resinosa that this separation was made. It was also possible to do 
this in Bogs 1 and 2, but instead, P. Strobus is the dominating species. 

A comparison of the graphs shown in Fras. 7 and 8 seems to indi- 
cate that very early in the vegetational history of the county the 
Picea forests gave way to forests of Pinus. On the sandy loam soils 
in the regions of Bogs 1 and 2 this succession was accomplished by 
Pinus Strobus, while on the light sandy soils in the southeastern part 
of the county it was first P. Banksiana and then P. resinosa. If one- 
fourth of the distance from the bottom in the first six bogs is com- 
parable to Glacial Lake Algonquin time, then the vegetation of the 
county can be mapped as shown in Fi. 3. 

It will be noted that the abundance of Quercus becomes significant 
between the one-fourth and the one-half levels from the bottom of the 
first six bogs. Though this percentage is small in comparison with 
that of the conifers, the importance of a small rise is significant because 
Quercus and other hardwoods produce comparatively less pollen per 
tree than the conifers. 

With the fall in the water level of Glacial Lake Algonquin and the 
beginning of sediment-accumulation in the basins of Bogs 9 and 10, a 
record of the Nipissing vegetation was begun. As at the beginning 
of the two previous lake stages, the pioneer forests upon the newly 
exposed soils were composed of Picea. These forests appear to have 
moved north from the area they formerly occupied on the soils ex- 
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posed by the fall in the water level from the Lake Duluth stage to 
that of the Lake Algonquin stage. The Nipissing forests also moved 
out upon that part of the Nipissing plain now covered by Lake 
Superior. This is shown by the presence of submerged and buried 
peat beds in Lake Superior. 

The fossils in the basal levels in Bogs 9 and 10 indicate that the 
following plant species were members of the first Nipissing flora. 


SPECIES Boas SPECIES Boas 
SPETAG NiUINIS seas 9 PRIBANK STAN A sees 10 
LyYCOPODIUM ANNOTINUM... . 10 PICHA\GLAU CAV ey eee 9, 10 
GSR CIZAVEAT UVic a ne 9, 10 PS MARIANA ee eee 9, 10 
RINGS STROBUSH ner 10 GRAMINEAE SP............. 9 
BSRESINOSAGH ese n eaten ee 10 BaruLAsse er > oe eee 9 


In a submerged Nipissing peat bed located near the Apostle Islands, 
in Bayfield County, Wisconsin, a highly complex flora is indicated 
(Wilson, ’35). The peat that was recovered from this deposit does not 
contain the pioneer vegetation comparable to that in the basal levels 
of Bogs 9 and 10. Yet this deposit, because of its location, is known 
to be of Early Nipissing Great Lakes age, and it is definitely known 
that the following additional plants were in northern Wisconsin at the 
Nipissing Great Lakes time. 


POLYPODIACEAE SP. ALNUS SP. 

TAXUS CANADENSIS QUERCUS SP. 

LARIX LARICINA ACER SPICATUM 

ABIES BALSAMEA ERICACEAE SP. 

CYPERACEAE SP. CHAMAEDAPHNE CALYCULATA 
CAREX CRINITA ComPosITAk (four genera) 


SALIX SP. 


If the level half way from the bottom of the Pro-Glacial Lake 
Duluth bogs is to be considered as the beginning of Nipissing Great 
Lakes time, the following vegetation was in existence within the area 
first uncovered by ice. 


SPECIES Boas SPECIES Boas 
SPHAGNUM SP......+....1, 2,3, 4,5 BEQULAISPS sew eee 1, 2, 3, 4, 5,6 
PINUS STROBUS =... os Ly 2, Oyo ACEIN USS) eens 1, 2, 3, 4,.5, 6 
eR TN OG AC eerie lta OUNRCUS SDE ee 1, 2, 3, 4, 5, 6 
1B) TBUNRO STURN Cooney ne olf Oh oe A. CHRISRS aris types cane ee oe 2,5 
Picea GLAUCA nae oe eee, OSTRYA VIRGINIANA........ 2 
P. MARIANA....... - 2,3, 4,05; 6 RIGACHAT (SP yaar men inner 3, 4 

_ ABIES BALSAMBA,.......... 2, 3, 5 CHAMAEDAPHNE CALYCULATA 5 
GRAMINEAE BP............. 5 (0 ComposiITak sp.........1,2,3,4,5 


SATIRE DUNN: aeons. cise. Wie ay ae 2, 3, 4 


The fossils present in the Pro-Glacial Lake Algonquin bogs, Nos. 
7 and 8, one-fourth of the distance from the bottom, are as follows: 
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SPECIES BOGa ae SPECIES Boas 


ué TRAKOVAVA, CHWATOKGIN,, | gs oa 8 
7 EAERUARUAN AC teen eee 7,8 
SELAGINELLA SELAGINOIDES. 8 ABIES BALSAMBA........... 8 
HINGE STEOBUA.2. 2p tk. 4 Sar. 8 GRAMINEAR SP 8 
en} 8 

vi 


IC PRESINOS ACS noe ee DAI Sime ce eek att eee 
EEANE BANG eos eS (00 R TA ea erties © 

The above flora with the addition of the plants previously recorded 
contains all of the important elements of the living flora of Douglas 
County. The indication is therefore that the present flora of Douglas 
County is essentially the same as it was in early Nipissing Great Lakes 
time, with the exception of the European element now present, and 
possibly some of the aggressive prairie species. 

A study of the graphs in Fras. 7 and 8 as well as the tables of the 
ten bogs shows that at those levels assigned to early Nipissing Great 
Lakes time the forests were different on the various soil-belts of the 
same age as well as in the areas of different ages. The hardwoods now 
appear to have attained importance in the region exposed since 
Glacial Lake Duluth time. In the sandy loam belt they were probably 
of greater importance than on the light sandy soils. Upon the area 
formerly covered by the southern part of Glacial Lake Duluth Pinus 
Strobus was probably the most abundant tree and upon the Nipissing 
plain Picca mariana was the pioneer species. Today, there are still 
small areas where this tree is dominant on high ground near the shores 
of Lake Superior. The length of time during which this pioneer forest 
dominated the newly exposed soils at each lake stage apparently was 
not long for in practically every bog there is a marked decrease in the 
relative abundance of fossils of Picea a few inches above the bottom 
deposits. Figure 4 is suggested as a vegetation map for early Nipissing 
Great Lakes time. 

- The change from the Nipissing Great Lakes water level to the 
present Lake Superior level came about very gradually and there ap- 
pear to have been no radical changes of the vegetation in Douglas 
County until levels were reached in the bogs that may be comparable 
to late historic time. This change is marked by an increase in the 
Compositae fossils and probably does not antedate the forests as they 
appeared in 1897 (Fic. 5). The marked rise in the Compositae fossils 
may have been in response to the extensive lumbering operations. and 
fires which resulted in denuding the county of forests and in the un- 
covering of the soils. Upon these a prairie vegetation has intruded, 
“and some early stages of plant succession have once again started. 
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An examination of the graphs of Fra. 7 usually shows two levels in 
the bogs where Picea is of marked importance. These are, first, at 
the bottom of the deposit and, second, at or near the top. A climatic 
significance has been attributed to this type of curve by some authors, 
but such a curve is also easily explained by a local succession of trees 
upon the bogs. It has been shown that the first forests upon the 
various soils of Douglas County were of Picea and the absence of 
other species of trees easily explains the dominance of Picea fossils 
in the basal levels of each deposit. With the appearance of other 
species in the region the relative abundance of Picea fossils would 
become less. Then as the lake or pond, in which organic sediments 
were accumulating, matured to a stage where a Sphagnum mat began 
to encroach upon the water area, Picea again would become an import- 
ant tree, this time as a pioneer upon the organic soils of the bog. The 
association of Picea and Sphagnum is clearly shown by a corresponding 
increase in the microfossils of these species near the top of the deposit 
(see tables). In a study of limnic and subierial peat in one bog (Wil- 
son and Galloway, ’37) the second rise in Picea was found to be con- 
temporaneous with the transition of the peat from limnic to subiéerial. 
In several of the peat deposits a second drop in the Picea curve is 
evident and this might be taken to indicate that the peat itself has 
undergone modification, such as oxidation, and trees from the upland 
have become established upon the deposit. There is also another 
possibility for such a drop. This is a denudation of the bog by fire 
and an earlier deciduous tree recovery on the upland. 

If the several forest trees, which have fossil representation in the 
peat sections and are indices to the stages of forest succession, are 
listed as to their relative distance from the surface of each bog where 
they first reached an important or maximum microfossil percentage, 
the following very interesting table will be constructed. 

A CoMPARISON OF THE RELATIVE DeprH IN PER CENT FROM THE TOP OF RACH 


Bog WHERE CERTAIN Fosstt TREE POLLENS FIRST 
ATTAINED MARKED ABUNDANCE 


ar Pro-Glacial Pro- Nipissing 
Species Pro-Glacial Lake Duluth Origin Lake Algonquin Great Lakes 


Origin Origin 
Bog Bog Bog Bog Bog Bog Bog Bo Bog Bog 
1 2 3 4 5 6 7 8 9 10 
OSTRYA... 43 
VBiM ANS os 5 « OF .43  .00 00 
Quercus... .54 .48 .59 .77 .41 .85 .60  .00 26 
CHR EN eee .62 .92 .88 .40 . 66 .O7 
JABS one 9 cet oh ISS LO 100.79 (leo 


Prcpa..... 100 100 100 100 100 100 100 100 100 100 
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It will be noted in the table that the maximum of Picea is in the 
basal levels of all the bogs studied, and that next in order, Pinus 
appears in abundance at almost a uniform level. There is particularly 
a marked similarity in the occurrence of Pinus in the bogs of Pro- 
Glacial Lake Duluth origin. The basal occurrence of the Pinus maxi- 
mum in Bog 7 can be explained by the geographic location of the 
deposit. This has been discussed. The first abundance of the other 
tree fossils also shows marked similarity in their relative stratigraphic 
appearance regardless of their ages. Such a similarity of appearance 
might be considered to indicate that there were but brief intervals 
between the lake stages and that the vegetation did not make a 
general invasion into the region until near the beginning of the 
Nipissing Great Lakes. This is necessarily discounted by the great 
amount of shore work accomplished by each of the glacial lakes, in- 
dicating great lapses of time between the stages, by the sharp con- 
tacts of peat and clay soils in Bogs 3 and 4, and by evidence which the 
fossil logs discovered at Solon Springs present as to the proximity of 
the vegetation to the Mankato Ice border. Instead, the great simi- 
larity of appearance may further demonstrate the order and uniform- 
ity of the Picea, Pinus, and hardwood forest succession on the soils of 
different ages in Douglas County, Wisconsin. 


SUMMARY 

1. In ten peat bogs of Douglas County, Wisconsin, the microfossil 
succession has been studied. 

2. The bogs were selected with reference to the shorelines of Glacial 
Lakes Duluth and Algonquin, and the Nipissing Great Lakes in order 
that a comparison of their fossil spectra could be made and the vegeta- 
tional history of the region might be determined. 

3. A survey of the present vegetation of Douglas County shows that 
it is definitely related in its distribution to the soils of the county. 

4. Comparative studies of the fossil spectra under discussion indicate 
that upon each area of land that was progressively uncovered by the 
waters of the glacial lakes there developed a pioneer forest of Picea. The 
subsequent vegetational development upon these areas appears to have 
been in response to the soils. Lees 

5. The general plant succession suggested by the microfossil studies on 
the heavier soils of the county appears to have been (1) Picea, (2) Pinus 
forest, (3) hardwood forests, and (4) mixed. second growth hardwood 
forests with an additional important Compositae element. The general 
floral succession on the lighter sandy soils appears to have been (1) Picea 
and Pinus Banksiana forest, (2) Pinus resinosa, P. Banksiana, and 
Quercus ellipsoidalis forest, and (3) a second growth Pinus Banksiana 
and prairie vegetation. oe 

6. Changes in certain pollen percentages in the spectra may also be ex- 
plained upon the basis of some local ecological factor other than climate. 
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NOTES ON THE LOBELIAS IN THE HERBARIUM 
OF STEPHEN ELLIOTT 
Rocers McVaucu 
WuiLE in Charleston, South Carolina, in June 1937, the writer had 
the opportunity, through the kindness of Mrs. Frances Barrington 
and Mr. Robert Lunz, Jr., of the staff of the Charleston Museum, to 
examine the Lobelias in the herbarium of Stephen Elliott. The 
Elliott collection was of special interest because of the uncertain ap-_ 
plication of the names of several Lobelias mentioned in the “Sketch.’”! 
“Lobelia amoena Mich.,” “ Lobelia Claytoniana Mich.,” “ Lobelia 
puberula Mich.” and “ Lobelia pallida Muhl.” are all included by 
Elliott, and, as type material of these species has so far not been found, 
it was thought ‘his herbarium, being nearly contemporaneous with 
those of Michaux and Muhlenberg, might throw some light upon the 
identities of the above species. It was hoped to discover also the 
identity of L. puberula var. glabella Elliott.” 
The collection now contains sixteen specimens of the genus Lobelia, 
all from the United States. Following is the complete list: 
1. L. Carprnauis L. No data with specimen. 


2. L. stppinitica L. No data with specimen. 

3. L. ELONGATA Small. Labelled “LZ. amoena? Mich.” and “ Hab. 
in humidis.”’ ae : 

4. L. guanpuLosa Walt. Labelled “in humidis” and with what is 
apparently a corruption of Michaux’s L. crassiuscula. 

¥ . NT? ” 6 

5. L. puservuta Michx. Labelled “L. puberula Mich.” and “hab. 
in humidis.” a. 

6. L. spicata Lam., var. LEprosracuHys (A.DC.) Mack. & Bush. 
Two specimens: one labelled “Carol. Sept. Dr. Schweinitz and with 

=! e/ * r; ny oe 
an unpublished name credited to Schreber; the other Jabelled “L. 
. o ™ = ” 

Claytoniana; hab. juxta Columbiam, 5S. C., Mr. Herbemont. 

1Exuuorr, STEPHEN. A Sketch of the Botany of South Carolina and Georgia 


2 vols. Charleston, 1816-1824. 
2 Bxuuiorr, op. cit. 1: 267. 
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7. L. spicata Lam., var. ORIGINALIS McVaugh. No data with 
specimen? ‘This plant is on the same sheet with the next, and it is 
possible that the data given are meant to apply to both. ‘ 

8. L. sprcara Lam., var. scaposA MecVaugh. Labelled “ Lobelia 
pallida. Hab. Mar. Mr. Oemler.” Also labelled with a capital “P” 
which begins a word; the rest of the word has been torn off, and may 
possibly have been “ Penn,” indicating that the plant came from Mary- 


land or Pennsylvania. 
; a ET 
9. L. rnrytata L. Two specimens: one labelled “Mr. Percival’; 


the other labelled “ Hab. Penn.” 
10. L. patuposa Nutt. Labelled “hab. St. Mary’s, Georg. Dr. 


Baldwin.” 

11. L. Nurratut R. & 8. Two specimens: one labelled “ L. gracilis” 
and “Hab. Carol. Sept. Dr. Schweinitz”’; the other labelled “ L. 
Kalmit. Mai-Aug. in humidis frequens.” 

12. L. Katmir L. Two specimens: one labelled “Mr. Whitlow, 
New York”; the other was sent to Elliott by John Torrey and is 
labelled with an unpublished name of Eddy’s and “in the western 
part of the state of New York (Eddy).” 

Reference to the above list enables us to place some of Elliott’s 
names with certainty. He lists in the “Sketch” a total of 9 species, 
of which 4 (L. Cardinalis, L. siphilitica, L. puberula, L. inflata) are 
plainly the species now known by the same names. His interpreta- 
tion of “L. glandulosa Walt.” is probably the same as the modern 
one, while his “LZ. Kalmii” of Carolina and Georgia is L. Nuttalli 
R. & S. ; 

As previously pointed out,! the identity of L. amoena Michaux is 
not surely known; his description? may apply to what is now called 
L. elongata Small. The presence of a plant of the latter species, 
labelled “ L. amoena? Mich.,” in Elliott’s herbarium, makes it probable 
that “L. amoena” of the “Sketch” was not the mountain and upland 
plant now passing by that name, but the Coastal Plain species native 
about Charleston. Since the elder Michaux also was familiar with the 
low country of South Carolina, it may well be that his “ Lobelia 
amoena” refers to the same plant and that we are using the name 
wrongly at present. Until evidence to the contrary is presented, 
however, we must use Small’s name for the coastal plant. 

Another specific name of somewhat doubtful application is Mich- 
aux’s Lobelia Claytoniana. It was referred by the writer to L. spicata 
rar. originalis, but a recent letter from Professor F. E. Wimmer of 


1 RHovoRA 38: 283. 1936. 
2 Fl. Bor.-Am., 2: 153. 1803. 
3’ RHopORA 38: 308. 1936. 
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Vienna states that in the Delessert Herbarium there is a specimen of 
L. Claytoniana, sent by Michaux himself, which differs from L. spicata 
Lamarck by the presence of well-marked calyx-appendages. Profes- 
sor Wimmer considers this plant to be closely related to, or identical 
with, L. leptostachys A.DC. In view of these facts, it is interesting to 
see that Elhott’s “ Lobelia Claytoniana” from Columbia, S. C. is the 
plant now known as L. spicata Lam., var. leptostachys (A.DC.) Mack. 
& Bush. 

In the “Sketch” the author states that he has seen material of 
“Lobelia pallida” from Pennsylvania, Tennessee, St. Mary’s, Georgia 
and the low country of South Carolina. His herbarium indicates that 
“TL. pallida” from Pennsylvania was L. spicata var. scaposa, and that 
that from St. Mary’s, Ga., was L. paludosa Nutt. This bears out the 
conclusions previously stated by the present writer.2 

The only new name proposed by Elhott was a variety glabella of 
Lobelia puberula, referred to above. The type locality was given as 
Chatham Co., Georgia. This variety was said to be very smooth, 
with linear-lanceolate leaves, and to be a possible intermediate be- 
tween L. puberula and L. glandulosa. No material of it was found in 
the Elliott herbarium, so that the correct application of the name re- 
mains in doubt. However, the description given by Elliott leads one 
to suppose that he had in mind a smooth, nearly eglandular plant of 
L. glandulosa; such individuals are not uncommon in that species. 
L. puberula var. glabella Ell. probably does not refer to L. elongata 
Small, however, as was previously stated;? Elliott was evidently 
familiar with L. elongata, under the name of ‘‘ L. amoena.” 


UNIVERSITY OF GEORGIA 


NEW COMBINATIONS AND UNDESCRIBED FORMS 
FROM MISSOURI 


JULIAN A. STEYERMARK 


All specimens cited below may be found in the Herbarium of the 
Missouri Botanical Garden. 
LopHOTOCARPUS CALYCINUS (Engelm.) J. G. Smith, forma fluitans 


(Engelm.) Steyermark, comb. nov., Sagittaria calycina var. flutans 
Engelm. in Torr. Bot. Mex. Bound Surv. 212. 1859; Lophotocarpus 


1 EvuiorT, STEPHEN, op. cit. 1: 265. 
2 Ruopora 38: 318 and 350. 1936. 
3 RHopoRA 38: 292. 1936. 
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fluitans (Engelm.) J. G. Smith, Rep. Mo. Bot. Gard. 11: 145, pl. 53. 
1900. 

The submerged aquatic state of this species with narrower leaves 
and slender scapes and petioles can be considered but an ecological 
phase of the normal type. Plants referred to this form grew in deeper 
water (about 2 feet deep) than the ordinary type which occurred 
nearer shore and in shallower water.—Missourt: in Coldwater creek, 
at Nations Mill, above dam, 3 mi. northeast of Womack, T. 35 N. 
RSE, sect. 27, Ste. Genevieve Co., Aug. 21, 1936, Steyermark 21097. 

CAMASSIA SCILLOIDES (Raf.) Cory, forma Petersenii Steyermark, 
f. nov., a forma typica recedit foliis 15-40 mm. latis——MIssourt: 
limestone slopes, Osage Hills, St. Louis Co., April 29, 1936, Petersen; 
same locality, April 23, 1937, Steyermark 22499, TyPE in Mo. Bot. 
Gard. herb. 

Many plants belonging to this form were found on open south- 
facing limestone slopes in this locality. Many plants of the ordinary 
type were growing with the form. Besides the much broader leaves, 
this new form has somewhat stouter and more rounded bulbs 2-5 em. 
in diameter, stouter and somewhat more densely flowered racemes, 
the stout scape measuring as thick as 1.0 centimeter. However, while 
some of the plants referred to this form appear distinct in the extreme, 
too many transitional specimens occur to warrant treating this as 
any more than a mere robust broader-leaved phase of the species. 

THALICTUM DASYCARPUM Fisch. & Lall., forma hypoglaucum 
(Rydberg) Steyermark, comb. noy. Thalictrum hypoglaucum Ryd- 
berg, Brittonia 1: 88. 1981. 

Rydberg separates his Thalictrum hypoglaucum from T. dasycarpum 
by the combination chiefly of smaller flowers and leaves glabrous and 
paler on the lower surface. There is sufficient variation, however, in 
the floral dimensions of the two species to cause too much intergrada- 
tion between the species. After sorting out the differences between 
them, the glabrity of the under surface of the leaves is all that remains 
to distinguish 7. hypoglaucum from T. dasycarpum. This glabrous 
condition appears rather frequently in plants growing with the ordi- 
nary finely pubescent-leaved type, and with no particular geographical 
range to characterize it, it is here considered a mere form of the 
species.—Missourt: low banks along North Fork of White river, near 
Rainbow (Double) Spring, 4 mi. northeast of Dormis, Ozark Co., 
May 16, 1936, Steyermark 10449; low woods along fork of Wyaconda 
river, between Arbela and Azen, Scotland Co., May 20, 1936, Steyer- 
mark 10786. 
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APIOS AMERICANA Medic., forma pilosa Steyermark, f. nov., a 
forma typica recedit caulibus foliisque pilosis—Mussourt: banks of 
Mud creek, T 26 N, R 7 E, sect. 20, 2 mi. northwest of Rombauer, 
Wappapello Purchase Unit, Clark National Forest, Butler Co., July 
7, 1936, Steyermark 11390, ryPE in Mo. Bot. Gard. herb; along Little 
Paddy creek, 5 mi. southwest of Slabtown, Texas Co., Gardner 
National forest, Aug. 25, 1937, Steyermark 25316. 

This form, with hairs spreading on stems and scattered over the 
leaf surfaces, is of infrequent occurrence in Missouri, occurring with 
the normally glabrous or glabrate type. 

IMPATIENS PALLIDA Nutt., forma dichroma Steyermark, f. nov., 
a forma typica recedit petalis superioribus lateralibusque albis et 
sepalo posteriore luteo.—Missourt: wooded base of bluffs along 
Mississippi river, 114 mi. northwest of Louisiana, T 54 N, R 2 W, sect. 
11, Pike Co., Sept. 6, 1937, Steyermark 25927, rypE in Mo. Bot. Gard. 
herb. 

Two other color variants of the normally yellow-flowered Impatiens 
pallida have already been described, one in 1904 by Clute, I. pallida 
var. alba with pure white flowers (Am. Bot.7: 67. 1904), and the other 
in 1920 by Jennings, J. pallida f. speciosa with cream-colored flowers 
which have the ventral inner surface of the saccate sepal dotted with 
red (Ohio Journ. Sci. 20: 204. 1920). The form here described is 
two-colored, the upper and lateral petals being white, while the 
posterior saccate sepal is yellow. 

RupBECKIA HIRTA L., forma homochroma Steyermark, f. nov., a 
forma typica recedit disci floribus luteis.—Missourt: upland woods, 
10 mi. west of New Liberty, Fristoe Purchase Unit, Clark National 
Forest, Oregon Co., July 3, 1936, Steyermark 11345, TYPE in Mo. Bot. 
Gard. herb. 

Numerous color variations of this species have already been de- 
scribed. The above described form, however, with the disk- as well 
as the ray-florets yellow throughout, has not been recorded. ‘This 
form was found with the normally bi-colored type. 


Fretp Museum or Natural History, 
Chicago, Illinois 


A Frora or OKLAHOMA.—There has recently appeared a rather sumptu- 
ous, well printed and neatly illustrated book of more than 700 pages and 
nearly 500 text-figures upon the Oklahoma Flora." As the first extensive 


1 OKLAHOMA FLoRA (Illustrated) by THomas R. St»MEN and W. STANLEY Myers. 
Harlow Publishing Corp., Oklahoma City, Okla. $6.00. 
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volume professing to cover the flora of the state it is noteworthy; but, 
although one can heartily praise the good intent which lay back of its 
production and the excellent work of the publishers, it 1s more difficult, 
after even a casual examination, for an experienced taxonomist to give 
unqualified praise to the taxonomic content. The book restricts itself to 
the more conspicuous groups and does not include the extensive and im- 
portant but difficult grasses, sedges and rushes. It thus stamps itself as 
a “popular” rather than a scientific work, but since it is intended for 
“students of . . . botany” it is desirable to consider it from the 
standpoint of that science. 

“The American Code of Nomenclature has been followed, and syno- 
nyms from the International Code are given where different.” Several 
years ago the American Code was gasping its last lingering breath among 
the leading botanists, though something related to it but not always rec- 
ognizable has been followed by Small alone among outstanding American 
taxonomists. The new book, then, is often a close follower of Small, 
rather than of the American Code, but it frequently departs from him. 
In generic and specific segregation it is divided between the extreme 
Smallian splitting and the most conservative standpoint. In holding 
Juniperus, Smilax, Arenaria, Acer, Vitis and certain other genera intact 
the authors show highly commendable conservatism; but in maintaining 
Tonoxalis Small and Xanthoxalis Small and the segregates of Huphorbia, 
Rhus and Oenothera they are on less secure ground. What would happen 
to Ovalis if the extreme splitter got outside the north temperate zone? 
He would very soon discover leafy-stemmed plants with violet petals, 
bulbous and acaulescent plants with yellow petals and endless other 
combinations of characters until he would be sore pressed to invent enough 
“micronyms.”’ 

Turning to the botanical content of the book, a botanist cognizant of 
current literature, even though he has never been in Oklahoma, is at 
once struck by the great number of species and genera he chances to know 
about which are not mentioned. There is no indication in the Preface 
that the authors consulted or even knew about the extensive collections 
accumulated at the State University and outside, and they too evidently 
are unfamilar with important current taxonomic, floristic and mono- 
graphic literature. Even the pages of geographically remote Ruopora, 
which is available at the State University if not elsewhere in Oklahoma, 
contain special articles recording for the state Calopogon pulchellus, 
Glottidium vesicarium, Phacelia congesta and Hedeoma camporum, but 
these species and the first two genera did not get into the new book. Other 
standard literature supplies very many additional specific or even generic 
additions. Only a few out of the many will here be noted, merely to indi- 
cate the literature which should be consulted before undertaking a state 
flora. As far back as 1900 Coulter & Rose, in their Monograph of the 
North American Umbelliferae, gave citations of Oklahoma specimens in 
3 genera which the authors of the new book do not include: Apiastrum, 
Polytaenia and Lomatium. Coming down to a few more current mono- 
graphs, Anderson & Woodson’s Species of Tradescantia Indigenous to the 
United. States (1935) cites from Oklahoma 3 species, 7’. ozarkana, T. 
Brnestiana and T. Tharpii, none of them in the later volume. By skim- 
ming Rydberg’s treatment of the Astragalinae in the North American 
Flora (1929) 3 additional species of Astragalus, A. eyaneus, A. Engelmanni 
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and A. puniceus, could have been picked up. Steyermark’s monograph of 
Grindelia (1934) cites a third Oklahoma species; and Pennell’s Scrophulari- 
aceae of Hastern Temperate North America (1935) adds at least 12 more 
Oklahoma species. Pennell gives detailed maps as well as citations of 
specimens of each species, consequently these overlooked Oklahoma 
species can be readily looked up; but it was a pity to miss Penstemon 
oklahomensis! 

The failure to study the recent critical, taxonomic literature has not 
merely led to the overlooking of probably hundreds of conspicuous Okla- 
homa species; it has led to the inclusion of many which, presumably, are 
not actually in the state; such, to cite a few cases, as Cuthbertia graminea, 
Talinum teretifolium and Lobelia elongata. As to the first of these, 
Cuthbertia_graminea Small, its own author, in his Manual, restricts it to 
“Fla. to N. C.;” Anderson & Woodson, reducing it to varietal rank under 
Tradescantia rosea, similarly restrict its range. As early as 1900 Holzinger 
(Asa Gray Bull. viii. 38) showed that no material from west of the Mis- 
sissippi is referable to Talinwm teretifolium. The same conclusion was 
reached by Fassett in his study of the genus (RHoporRA, xxx. 206). By 
MeVaugh, who saw the material of the genus in most of our larger herbaria, 
Lobelia elongata is restricted to the outer coastal plain from Georgia to 
Delaware (RHODORA, Xxxvill. 286). 

Other studies of the types and the consequent changes involved have 
failed to influence the authors of the new book. In numbers of RHopora, 
at one time or another, I have shown, for example, that the type of Galiwm 
tinctoriwm L. (1753) is not the plant to which that name has been errone- 
ously applied but is the small and scabrous northern G. Claytont Michx. 
(1803); that the type of Gewm virginianwm L. is the plant described more 
than a century later as G. flavwm (Porter) Bicknell; that Draba carolini- 
ana and Ranunculus delphinifolius must take earlier specific names. Dr. 
Perry, similarly, has shown that the name volvulus pilosus Nutt. is 
invalid and that it must be replaced by another. In 1905 (Torreya, v. 
128) Harper clearly demonstrated that the interpretations of Xyris_flex- 
wosa and X. torta have suffered tortion or been twisted, and that the stout 
plant of pine barren with many twining bulbs, large spikes and fimbriate 
sepals (X. torta of many treatments, X. arenicola Small) is true X. flecuosa. 
The slender bog-plant with small spikes and merely ciliate sepals, which 
has erroneously passed as X. flecwosa, proves to be true X. torta. The 
plants are correctly treated in Small’s Manual, yet the authors of the 
Oklahoma Flora have failed to make the change; their plant is X. torta, 
not X. fleruosa. This reversing of the application of names has confused 
others and doubtless will continue to do so. In an extended illustrated 
monograph of the group I attempted to clarify the identities of Potamo- 
geton diversifolius and P. dimorphus (at the same time citing from Okla- 
homa material of P. panormitanus, which failed to get into the new book). 
These and very many other recent studies based upon accurate examina- 
tion of the type-specimens would greatly alter many interpretations in the 
Oklahoma Flora. It is too bad that its authors did not know about them 
or take them into account. 

In short, the details of exact taxonomy, nomenclature, synonymy and 
bibliography have been too much for the authors. 5 For example; the late 
distinguished Sereno Watson appears (p. 170) as “5. Watts” and Verbena 
Halei becomes V. “Haleii.” It is perfectly well known to all who have 


182 Rhodora |ApRIL 


kept up with the current authoritative literature on our flora that the 
‘plant published as Scrophularia leporella Bicknell (1896) was described 
82 years earlier as S. lanceolata Pursh (1814); consequently Pursh’s name 
is now generally revived. Similarly, that Verbena angustifolia Michx. 
(1803) is antedated by the quite different V. angustifolia Mill. (1768) with 
the result that Michaux’s name must be replaced by the first later one, 
V’. simplex Lehm. (1825). Nevertheless, in the new book Scrophularia 
leporella and Verbena angustifolia are maintained and the proper names, 
S. lanceolata and V. simplea, respectively, reduced to synonymy! And 
what about Suaeda americana? The latter is a depressed plant with re- 
markably dissimilar sepals and it is known only from the lower St. Law- 
rence in Quebec to the coast of Maine. It is not mentioned, naturally, in 
the Southern floras of Small; and in the North American Flora Standley 
maintains it with the range above given. S. linearis is a tall and erect 
southern species with small and quite uniform sepals. Why, then, does 
Suaeda americana appear in the new book as a synonym of S. (or Dondia) 
linearis? Do the authors really know S. americana? As a synonym of 
Lepidium densiflorum we find L. “apetalum A. Gray.” Where did Gray 
publish L. apetalum? But perhaps as amazing as anything is ‘‘Arenaria 
Nuttallii (T. and G.) Stemen and Meyers’’; because one of the best 
known species of Arenaria on the Pacific slope is A. Nuttalli Pax (1893), 
the name maintained, correctly, in the Synoptical Flora and other works 
which should be familiar to authors before they are in position to propose 
new combinations. 

The authors are both teachers of science and intend their book to ‘‘be 
of service to students of biology and botany.” It is at least cheering to 
know that in Oklahoma at least botany has not yet got submerged in 
“biology”? and consequently crowded out by zoology or physiology, and 
it is to be hoped that the book will start active and careful study of the 
flora. It is feared, however, that the keys have a specious simplicity 
which may carry the inexperienced off the right track and will often give 
him distorted morphological concepts. Take, for instance, the key to the 
families of frondose Pteridophyta. 


“A. Plants with creeping rootstocks. 
la. Fronds not radiately 4-foliate. 
2a. Sori borne in panicles. 4. OSMUNDACEAE. 
2b. Sori borne on back or margins of fronds or leaflets. 
(Onoclea appears to be different.) 1. POLYPODIACEAE, 
Ib. Fronds radiately 4-foliate 3. MARSILIACEAE. 
B. Plants without creeping rootstocks. 2. OPHIOGLOSSACEAE.”’ 


As to call A, it will be pretty difficult for the beginners, who collect ferns 
(most wisely) without digging up the whole plant, to convince themselves 
whether some of their specimens of Osmunda, Asplenium, Cheilanthes, etc. 
have creeping rootstocks; this is a rather baffling character in case of 
plants with the short and erect or ascending rhizome deeply buried 
amongst old stipes. Again, isn’t it unfortunate to tell the beginner that 
the fronds of Marsilea are 4-leaved (‘‘4-foliate’”’)? 4-parted or 4-foliolate 
would be better. 

Or consider the first divisions under the caulescent Monocotyledons. 


a 
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“Ja. Perianth wanting or of bristles. 
2a. Immersed aquatics, branching and leafy, the upper 
leaves often floating. : 
3a. Carpels distinct. la. ZANNICHELLIACEAE. 


3b. Carpels united. 1b. NAIADACEAE. 
2b. Terrestrial or marsh plants. 


Leaves petioled; flowers in dense spikes subtended by 


an enlarged bract. 3. ARACEAE. 
Leaves not petioled, linear or sword-shaped; flowers 
in cylindric spikes. 1. TYPHACEAE.”’ 


Now, if Najas, the only genus of the Najadaceae as here maintained, is 
to be reached through the key only because it has ‘“Carpels united,” where 
will the trusting student come out? Rendle, the monographer of the group, 
defines the female flower as “a naked ovary . . . containing a 
single anatropous ovule’’; Hutchinson says “ovary of 1 carpel, 1-celled,’’ 
These definitions, needless to say, are correct; but pity the youngster who 
trys to identify Najas by means of a key defining the characteristic 
family merely by ‘‘Carpels united.’’ And how will the beginner ever 
separate, by the key, Acorus of the Araceae from Typha? It the authors 
had simply said “Sweet Flag’”’ and ‘“Cat-tail” almost any child would 
understand, but it requires a person long experienced with errors and 
knowing what not to believe to differentiate them by the key to families. 
Try it. Acorus, by the key, should have “ Perianth wanting or of bristles;”’ 
nevertheless, the generic description (p. 38) correctly assigns it a “‘ Peri- 
anth of 6 membranous concaye sepals.” Typha is distinguished by 
“Leaves not petioled, linear or sword-shaped; flowers in cylindric spikes.”’ 
Isn’t that a reasonable description of the superficial aspect of Acorus? 
There remains for Acorus (at least for the Araceae) ‘‘spikes subtended by 
an enlarged bract,” with nothing said of the conspicuous, though caduc- 
ous, bracts of Typha. 

By many in this country, some of whom should know better, the func- 
tion of a reviewer is to ‘“‘boost’’ anything written, to praise the binding 
(in this case very attractive), the paper, the typography and the pictures 
(some of high quality) and to applaud the authors. But what of the 
SCIENCE of taxonomy? If that is important, as I feel it is, then we should 
certainly demand that the authors of books in that field intended for the 
service of “students of . . . botany” should be trained and accurate 
taxonomists (of whom there are very few), with a clear understanding of 
the vastness, the difficulty, the literature and the technique of the subject. 
The authors of the present book have the zeal and the love of their sub- 
ject and their publishers have done a creditable piece of book-making. 
May the authors eventually give us a work which will more fully meet 
the exacting requirements of thorough taxonomic and floristic work.— 
MLE. 


A NEW SELENIA FROM TEXAS.—SELENIA grandis Martin, sp. nov., 
herba annua glabra; caulis prostratus vel paullo ascendens; folia bi- 
pinnatisecta; flores in pedunculis axillaribus elongatis; sepala in- 
aequalia, oblongo-cuneiformia, appendiculata, maxima 15 mm. longa; 
petala flava, ovato-cuneiformia, ad 22 mm. longa, rotundata vel 
emarginata; fructus oblongus, 22 mm. longus, breviter stipitatus, 
vesiculis lunatis; stylus persistens, 4 mm. longus. 
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Glabrous winter annual; stems prostrate or slightly ascending, as 
much as 30 em. long; leaves crowded, bipinnatisect, the ultimate 
segments rounded, the rachis narrowly winged; flowers on long axil- 
Jary peduncles; sepals unequal, the largest 15 mm. long, all appendaged ; 
petals yellow, ovate-cuneiform, rounded or notched at the apex, up 
to 22 mm. long; fruit oblong, rounded at the short-stipitate base and 
at the apex, beset with cresentic vesicles; style persistent, 4 mm. long. 

Tyre in the United States National Herbarium, No. 1269222, col- 
lected by Robert Runyon near Harlingen, Cameron County, TExas, 
March 1926. Also represented by Runyon 706 from the same locality. 


Selenia grandis differs from the other species of the genus in being 
a larger plant, having larger flowers, and in the presence of vesicles on 
the fruit. Its nearest relative is S. dissecta Torr.—RosBeErt F. Martin, 
Division of Plant Exploration and Introduction, Bureau of Plant 
Industry, Washington. 


Darura Srramonium L., var. inermis (Juss.) comb. nov. D. 
inermis Juss. ex Jacq. Hort. Vindob. i. 44, t. 82 (1776). 

Datura inermis has presumably been formerly reduced to varietal 
rank. It is generally considered a variety of D. Stramonium but 
search in the more probable sources has failed to reveal a proper 
transfer of the name. 

It should be noted that Torrey reduced Datura Tatula L. to varietal 
rank in 1824. The bibliography of this variety is as follows. 

D. StramMonium L., var. 8. TaTuua (L.) |Torr., Fl. N. Mid. U. S 
232 (1824); Wood, Class-Book, 300 (1845); Dunal in DC. Prodr. 
xii. 540 (1852). D. Tatula L. Sp. Pl. ed. 2, i. 256 (1762). D. Stra- 
monium, var. @. chalybea Koch, Syn. Fl. Germ. Helv. 510 (1837). 
D. Stramonium, var. Tatuloides Raf. Med. Bot. 148 (1841).—M. L. 
FERNALD. 


Volume 40, no. 471, including pages 77-136 and plates 489-491, was isswed 
5 March, 1938. 
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